There is increasing evidence showing that handgrip strength (HGS) is an indicator of nutrition status and a promising undernutrition screening tool. However, HGS cutoff values for inpatient undernutrition screening remain to be studied. The present study aims to define gender-and age-specific HGS cutoff values for undernutrition screening of hospitalized patients at admission. SUBJECTS/METHODS: A cross-sectional study was conducted in a university hospital. Gender-and age-specific receiver operating characteristic curves were constructed to evaluate the performance of HGS for correctly screening undernourished patients on the basis of their classification by Patient-Generated Subjective Global Assessment. Sensitivity, specificity, areas under the curves (AUCs) and positive likelihood ratios (LRs) were calculated. RESULTS: The study sample was composed of 712 participants between the ages of 18 and 91 years old, median (interquartile range) of 58 (22) 
INTRODUCTION
A large number of patients are undernourished when admitted to the hospital. Although this problem has been documented for a long time, undernutrition is estimated to range between 20 and 50%, depending on the patient's characteristics, clinical setting, method and criteria used for its assessment. [1] [2] [3] [4] Undernutrition at hospital admission is associated with poor clinical progress and outcome, longer hospitalization, higher likelihood of hospital readmission, higher rates of mortality and increased costs. [5] [6] [7] [8] Moreover, undernutrition status of a high proportion of patients worsens during hospital stay. 1, 9, 10 As the wide spectrum of consequences are recognizably serious, nutrition societies have established guidelines for undernourishment documentation and screening. [11] [12] [13] [14] However, this condition continues to be under-recognized and untreated in many hospitalized patients. 3, 11 Although undernutrition diagnosis cannot be established using a single parameter, 11 the search for an indicator capable of screening undernourishment in a simple and quick manner is extremely relevant.
Undernourishment causes loss of muscular strength and muscular wasting, [15] [16] [17] but muscle strength impairment occurs before changes in muscle structure and composition can be detected. 15, 17 Voluntary handgrip strength (HGS) is an indicator of overall body muscle strength 18 and can identify effects of nutrition deprivation, before alterations in body composition parameters are identifiable. 19, 20 There is increasing evidence showing that HGS is an indicator of nutrition status 11, 19, 21 and a promising undernutrition screening tool. 22, 23 In a first instance, the classical procedure would be to compare HGS with reference data for healthy individuals, but HGS reference data are only available for some populations, such as Spanish, 24 Danish, 25 German, 26 Swedish 27 and Brazilian. 28, 29 It was also previously shown that an entire sample of 314 hospitalized patients had Z-scores below − 1.96 compared with Danish HGS reference values, 23, 25 suggesting that comparing HGS values with reference data is not the appropriate method for identifying undernourished hospitalized patients.
Through a receiver operating characteristic (ROC) analysis, HGS was found to discriminate undernutrition status evaluated with Patient-Generated Subjective Global Assessment (PG-SGA) in hospitalized patients. 22 Within this study, HGS was a significant independent predictor of the PG-SGA score and category through a multivariable regression analysis. 22 In another study, the lower HGS quartiles showed good sensitivity and specificity when compared with Nutritional Risk Screening (NRS-2002) for screening undernutrition in hospitalized patients. 23 However, HGS quartiles have low practical applicability, and further research is needed to establish cutoff points, which have only been proposed for chronic hemodialysis outpatients. 30 Also, HGS is considered as an outcome predictor, as reduced values are strongly correlated with increased postoperative complications, reduction in short-and long-term survival, longer hospital stay and a higher hospitalization rate. 19, [31] [32] [33] Moreover, HGS is the most frequently used indicator of muscle function for clinical purposes, 19 as it has been shown to be a strong indicator of functional status. 19, 21, 32 Dynamometers used to measure HGS 1 are inexpensive, easy to use and portable. HGS measurements are also non-invasive, quick to perform, reliable, with low intra-and low between-observer variability and do not require specialized professionals. 34 These characteristics make HGS an attractive method for undernutrition screening in clinical daily practice.
Moreover, height and hand anatomy are strongly associated with inpatient HGS and can modify the association between undernutrition and HGS and their possible influence should be studied. 21 The present study aims to define gender-and age-specific HGS cutoff values for undernutrition screening of hospitalized patients at admission. It also intends to assess whether HGS adjustment for height and for hand anthropometric parameters improves HGS performance for undernutrition screening.
PARTICIPANTS AND METHODS

Study population and design
A cross-sectional study was conducted in a university hospital between July 2011 and December 2013. A consecutive sampling approach was used. From the daily list of inpatients admitted to each ward, those who met the inclusion criteria were invited to participate in the study.
Patients were eligible to participate in the study if they were ⩾ 18 years old, white, with an expected length of hospital stay 424 h, conscious, cooperative and able to provide written informed consent. Patients incapable of performing the HGS technique, defined as an inability to understand verbal instructions or having a condition in which the patient could not perform the technique correctly (namely pain), as well as patients with critical illness, defined as failure of at least one vital organ 35 and admitted to intensive care units, were excluded from the study. Pregnant women, individuals in isolation, those who were admitted for procedures that could put them in a critical situation and those with hemodynamic instability at the time of evaluation were also excluded. Therefore, inpatients from angiology and vascular surgery; cardiology; digestive, non-digestive and hepatobiliary surgeries; endocrinology; gastroenterology; internal medicine; nephrology; orthopedics; otolaryngology; and urology wards were considered as eligible for this study.
To have a representative sample of the hospitalized patients who met the inclusion criteria, data collection took place, until the number of patients corresponded to twice the total number of beds of all the selected wards (n = 739). For ethical and reliability reasons, patients positively screened for cognitive impairment (n = 13) and also patients with missing data (n = 14) were excluded from data analysis. The final study sample was composed of 712 participants.
This research was conducted according to the guidelines established by the Declaration of Helsinki and approved by the Institutional Review Board and the Ethics Committee of Centro Hospitalar do Porto. Written informed consent was obtained from all study participants.
Data collection
Demographic data and clinical history were obtained by reviewing the patient clinical file. The remaining data were collected using a structured questionnaire within 72 h of admission to the hospital.
Cognitive impairment was assessed using the abbreviated mental test. 36 The education level was evaluated by the number of years of school completed, and the following classes were subsequently created: 0-4, 5-12 and 412 years. Disease severity was assessed using the Charlson comorbidity index. 37 Functional activity during the month before hospital admission was categorized in four classes: 'normal with no limitations' (score = 0); 'not normal, but able to be up and about with fairly normal activities' (score = 1); 'not feeling up to the most things, but in bed or chair less than half the day' (score = 2); 'able to do little activity and spend most of the day in bed or chair' (score = 3); and 'primarily bedridden, rarely out of bed' (score = 4). 12 Patient undernutrition status was evaluated with PG-SGA, 12 whereas undernutrition risk was assessed with NRS-2002 13 and Malnutrition Universal Screening Tool (MUST).
14 Non-dominant HGS was measured in kgf with a calibrated Jamar Hydraulic Hand dynamometer (Sammons Preston, Bolingbrook, IL, USA), recommended by the American Society of Hand Therapists. 38 Measurements were obtained with patients on a chair or on a bed, with the shoulder adducted and neutrally rotated, elbow flexed to an angle of 90º and the forearm and wrist in the neutral position. 39 Elbows were unsupported during HGS measurements. Patients were instructed to exert their maximum strength; however, no verbal encouragement was given. Each participant performed three measurements with a 1-min pause between measurements, and the maximum value was chosen as the HGS value. 40 When the individual was unable to perform the measurement with the non-dominant hand, the dominant hand was used (n = 60).
Data for non-dominant hand length, palm width and wrist circumference were collected. For patients who had HGS measurement in the dominant hand, hand length, palm width and wrist circumference data were obtained in the dominant hand. Predicted HGS was also calculated according to the National Isometric Muscle Strength Database Consortium regression equations. 41 Standing height, 42 body weight, 42 mid-upper arm circumference, 42, 43 triceps skinfold thickness, 42, 43 half-span, 44 hand length, 42 palm width 45 and wrist circumference 42 were measured according to standardized procedures. Standing height (cm), half-span, mid-upper arm circumference (cm) and wrist circumference data were obtained with a metal tape (Rosscraft, Innovations Incorporated, Surrey, Canada) with a 0.1-cm resolution, and a headboard was also used for measuring standing height. Hand length and palm width were measured using a small bone calliper with a 0.1-cm resolution (Kennon Instruments, Vignola, Italy). 42 Body weight (kg) was measured with a calibrated portable beam scale with a 0.5-kg resolution. Triceps skinfold thickness (mm) was measured with a Harpenden calliper (Baty International, Burgess Hill, UK) with a 0.2-mm resolution.
For bedridden patients or those with conditions limiting their ability to stand, hand length was used as an alternative measurement of height (n = 359). 46 Compared with measured height, height predicted from hand length has shown mean differences ⩽ − 0.6 (s.d.: 4.4) cm. 46 When hand length was impossible to obtain, height was estimated from half-span (n = 2). 44 Differences between height obtained from half-span and measured height ⩽ 6.8 (s.d.: 4.0) cm were previously described. 44 For participants on dialytic therapies, dry body weight registered in the clinical file was used or, when unavailable, was referred by the patient (n = 24). When it was not possible to weigh a patient, body weight predicted from height and mid-upper arm circumference 47 was used as a surrogate measurement (n = 166). Weight was predicted from regression equations developed to estimate body mass index (BMI) with a coefficient of determination equal to 0.76. 47 Data were collected by two previously trained nutritionists. The intraand inter-observer technical errors of measurement were obtained for all anthropometric measurements, respectively, in 17 and 18 individuals. Intra-observer error varied between 0.2 and 0.6%, and inter-observer error varied between 0 and 1.4%, which is considered acceptable for trained anthropometrists. 48 
Statistical analysis
The Kolmogorov-Smirnov test was used to evaluate the normality of variables' distribution. Continuous variables are reported as the mean and s.d. or as median and interquartile range (IQR) according to data distribution. Categorical variables are reported as frequencies.
Because of non-parametric distribution of HGS, this variable was compared between genders and age groups using Mann-Whitney and Kruskal-Wallis tests, respectively. Differences between measured and predicted HGS were compared using the Wilcoxon test. Baseline characteristics of the participants were compared according to PG-SGA nutrition status (not undernourished versus moderate or suspected and severe undernutrition), using the Mann-Whitney test (or the independent samples t-test) for continuous variables and the Pearson χ 2 -test for categorical variables. The level of agreement between PG-SGA, NRS-2002 and MUST was assessed by percentage agreement and by kappa coefficient.
Gender-and age-specific ROC curves were constructed to evaluate the performance of HGS for correctly screening undernourished patients on the basis of their classification by PS-SGA, NRS-2002 and MUST. Sensitivity and specificity were calculated for a range of HGS cutoff values. By plotting the ROC curve (sensitivity against 1 − specificity), the point at which most individuals are correctly classified and a minimum of individuals are incorrectly classified can be identified. 49 The areas under the curves (AUCs) for the ROC curves and their 95% confidence intervals (CIs) were also calculated. The AUCs should be 40.5, as AUC = 0.5 indicates that the screening test is no better than chance. 50 To construct ROC curves, individuals with moderate or suspected undernutrition and with severe undernutrition according to PG-SGA were grouped in one single category. Likewise, individuals with medium and high undernutrition risk according to MUST were grouped in single category. Positive likelihood ratios (LRs) for describing the performance of HGS for undernutrition screening were also calculated. An LR of 41 indicates a change in disease probability. 49 Gender-and age-specific ROC curves were constructed to evaluate the performance of HGS adjusted for height (HGS/height), for hand length (HGS/hand length), for palm width (HGS/palm width) and for wrist circumference (HGS/wrist circumference), for correctly screening undernourished patients on the basis of their classification by PS-SGA. Sensitivities, specificities, AUCs (95% CIs) and LRs were calculated.
Results were considered as significant when Po0.05. All statistical analyses were carried out using the Software Package for Social Sciences (SPSS) for Windows, version 21.0 (SPSS, Inc., an IBM Company, Chicago, IL, USA).
RESULTS
The study sample was composed of 712 participants between the ages of 18 and 91 years, with a median (IQR) of 58 (22) (12) kgf. Men had significantly higher HGS values compared with women (P o0.001), and HGS decreased significantly as age increased (P o0.001 for women and men) (Figure 1 ).
Predicted HGS was significantly higher compared with measured HGS for both genders (P o0.001). For men, predicted HGS values varied from 35.6 to 51.2 kgf, with median (IQR) equal to 41.7 (3.8) kgf, whereas for women values ranged from 18 to 33.6 kgf and median (IQR) was equal to 26 (4) kgf.
Participants' characteristics according to PG-SGA nutrition status are presented in Table 1 . A high proportion of participants was found to be undernourished. Undernourished patients were older, presented lower abbreviated mental test score and a decline of functional activity. They were also lighter, shorter and presented lower BMI and HGS values. Gender-and age-specific ROC curves and HGS cutoff values at which most individuals are correctly classified and a minimum of individuals are incorrectly classified, the calculated sensitivity, specificity, LR and also AUCs and 95% CIs for undernutrition evaluated by PG-SGA are presented in Figure 2 and Table 2 . For all age-specific ROC curves, LRs were 41, AUCs were 40.5 and statistically significant. HGS sensitivity values varied between 0.736 and 0.923, and specificity values varied between 0.402 and 0.567. However, for the ⩾ 65-year-old women, the AUC (0.608) was not statistically significant. HGS sensitivity and specificity values were equal to 0.373 and 0.824, respectively, and LR was 2.12.
Gender-and age-specific ROC curves of HGS adjusted for height, hand length, palm width or wrist circumference, on the For undernutrition risk assessment by NRS-2002 and by MUST, HGS resulted in lower AUCs, sensitivities, specificities and LRs for almost all gender-and age-specific ROC curves, compared with HGS AUCs, sensitivities, specificities and LRs for undernutrition identification evaluated by PG-SGA (data not shown).
DISCUSSION
This study intended to explore the performance of HGS for undernutrition screening at hospital admission using nutrition status classification by PS-SGA as the reference method. Despite the well-described association between nutrition status and HGS, 11, 19, [21] [22] [23] as far as we are concerned, HGS cutoff values for inpatient undernutrition screening at hospital admission have yet to be defined.
For men aged 18-91 years and for women aged 18-64 years, results are promising given that sensitivities were acceptable (0.736-0.923), the AUCs were significant (P o 0.05) and moderate (0.642-0.778) and LRs41 (1.37-1.92). However, HGS cutoff sensitivity for women aged 65-91 years was low (0.373). The high proportion of false negatives in this age group does not allow the definition of an HGS cutoff value for undernutrition screening of ⩾ 65-year-old women. Moreover, the specificities obtained (0.402-0.567), especially for the 45-to 64-year-old men, should be acknowledged, as it corresponds to a high proportion of false positives.
Notwithstanding the present study sample having different characteristics, HGS cutoff sensitivities and specificities for men aged 18-91 years and for women under 65 years old are similar to those previously reported for undernutrition screening of 436 Brazilian chronic hemodialysis patients on the basis of the malnutrition-inflammation score classification. 30 These HGS cutoffs were 23.4 kgf for women (sensitivity: 0.87; specificity: 0.43) and 28.3 kgf for men (sensitivity: 0.70; specificity: 0.66). 30 In a previous study conducted among 314 Portuguese hospital inpatients, HGS sensitivities and specificities compared with NRS-2002 varied, respectively, between 0.68 and 0.92 and 0.31 Figure 1 . HGS according to gender, age and nutrition status by PG-SGA a . a P o0.001 for differences between genders (the Mann-Whitney test) and age groups (the Kruskal-Wallis test). and 0.70. However, these diagnostic values were determined on the basis of HGS quartiles and HGS cutoff values for undernutrition screening were not explored. 23 It was also recently shown that HGS was a predictor of nutrition status evaluated with PG-SGA in 217 Australian hospital patients. 22 A large computed AUC (0.776) was displayed, but neither HGS cutoff values and respective sensitivities or specificities were determined, highlighting the relevance of the current data as a step forward in the investigation of the association between HGS and nutrition status.
It is also noteworthy that, despite the lower HGS cutoffs specificity values obtained in the current study for men aged 18-91 years and women under 65 years compared with PG-SGA, HGS cutoff sensitivity values were higher compared with those previously obtained with MUST and NRS-2002 for undernutrition risk assessment compared with SGA. 51 These findings were also shared by the current study, which found lower AUCs, sensitivities, specificities and LRs for HGS with nutrition evaluation using NRS-2002 and MUST.
Three previous studies had shown that HGS was not a good indicator of patient undernutrition status. [52] [53] [54] Nevertheless, some differences related to study design may explain these discrepancies. Garcia et al. 52 studied the association between HGS and nutrition status on a smaller sample (n = 118) that may not allow to show statistical significant differences in HGS between undernourished and not undernourished patients, nor to compare subgroups and identify significant associations using a multivariable linear regression model. Haverkort et al. 53 also evaluated the accuracy of HGS in diagnosing undernutrition defined by involuntary weight loss and BMI. These criteria are different from those contained in PG-SGA that includes weight loss, food intake, symptoms, activities and function and a physical examination (body fat and muscle stores, fluid accumulation). 12 Therefore, the association between HGS and PG-SGA is expected to be different from the association of HGS with weight loss and BMI. Finally, only 5.8% of the participants were found to be undernourished. As the predictive value of a test is, among other factors, influenced by the prevalence of the disease in the population being tested, 49 the low proportion of undernourished participants may have limited the ability to explore HGS capacity for undernutrition identification. In contrast, a very high proportion of participants included in Pham et al. 54 research were undernourished (77.7%). However, this study was conducted in an area characterized by endemic undernutrition, and it is therefore possible that the association between HGS and undernutrition for these patients is different from the association between these two variables in individuals from developed countries.
In this sample of hospitalized patients, HGS cutoff values were lower than those previously reported for healthy populations [24] [25] [26] [27] 29 and below the values published by the National Isometric Muscle Strength Database Consortium 41 for healthy adults. These results suggest that HGS normative data may not be discriminative for undernutrition screening in the hospital setting and not useful for the routine identification of undernourished patients. It would be ideal to have a test that is both highly sensitive and highly specific. Unfortunately, this is not possible because for a given test, sensitivity can be increased only at the expense of specificity. 49 A sensitive test should be chosen to avoid the non-identification of undernutrition, which can compromise patient's clinical course and result. Specific tests are useful to confirm a diagnosis that has been suggested by other data. 49 Thereby, for a screening tool, its sensitivity is more important compared with its specificity. Nevertheless, high proportions of false positives are undesirable in clinical practice procedures.
Given the well-known effect of age on HGS, the low-specificity values here obtained for men aged 18-91 years and women under 65 years may be the result of groups having a wide range age. However, it was not possible to establish narrow age groups given the low sample size obtained when sample was split in more age groups. Further studies should be conducted in larger samples to allow the definition of age groups of narrow amplitude. Moreover, HGS cutoff values for undernutrition screening of ⩾ 65-year-old women should be tested in larger samples as a high proportion of false negatives was found in this group. The possibility that the low specificities obtained for men aged 18-91 years and for women under 65 years and the low sensitivity obtained for ⩾ 65-year-old women may be due to uncontrolled confounding factors cannot be ruled out. It is usually not possible to control for all the confounding variables that characterize older inpatients, with many comorbidities. In future studies, a larger sample will also allow to establish subgroups of patients and to improve the understanding of the role of undernutrition in HGS impairment, considering factors such as disease, comorbidity index and education level. The present study results are therefore the first step and the HGS ability to screen undernutrition at hospital admission should be further validated in different samples.
As HGS reflects early nutrition deprivation, before changes in muscle mass or body weight can be detected 19, 20 the possibility cannot be ruled out that some of the patients with low HGS are developing undernutrition but were not identified as undernourished according to PG-SGA. This phenomenon can, at least in part, be explained by the high false-positive rates, and therefore low specificities were obtained for men aged 18-91 years and for women aged 18-64 years. Given that HGS is able to detect early nutrition changes, the possibility that this parameter is a better undernutrition measure compared with PG-SGA cannot be excluded. Moreover, a stratified analysis by hand dominance would be helpful but within this sample would be statistically unpowered.
Compared with measured height, the previously reported mean differences for height predicted from half-span are considerably higher than for height predicted from hand length and they are clinically relevant. 44, 46 Nevertheless, as height predicted from halfspan was used only in two patients, this is unlikely to have biased study results.
The implications of the exclusion criteria on the external validity of the study results should also be acknowledged. HGS technique requires patients to be conscious and cooperative, and patients unable to provide written informed consent were excluded, which limits the generalization of the results for the hospitalized patients who are in this situation.
Despite the limitations, this study has several strengths. The current study was composed by a large number of inpatients within a wide age range (18-91 years old) from a variety of hospital wards and therefore ensuring a wide spectrum of diagnoses and relevant pathologies. The present HGS values replicate previous study findings, 55, 56 strengthening the external validity of the present study results. Moreover, a large proportion of undernourished patients compose the study sample, therefore empowering statistical analysis.
Also, several adjustments were made in an attempt to control for possible confounding factors of the association between HGS and nutrition status, considering the ratio of HGS/anthropometrical indicator instead of the HGS value. However, most genderand age-specific groups did not benefit from these adjustments, given that for some groups the number of false-positive patients decreased, whereas the rate of false positives increased for other patients.
Moreover, in this study PG-SGA was used for undernutrition assessment, whereas NRS-2002 and MUST were applied for undernutrition screening, following recommendations released by different nutrition societies. The American Society for Parenteral and Enteral Nutrition recommends PG-SGA for nutritional assessment, 57 whereas for nutritional screening the European Society for Clinical Nutrition and Metabolism 6 recommends NRS-2002 and MUST and the British Association for Parenteral and Enteral Nutrition 14 recommends MUST. Although undernutrition screening is recommended by world nutrition societies, this situation is often under recognized, 3, 11 which may occur because assessment and screening methods are time-consuming, require several measurements, including weighing the patient, in addition to technical expertise. HGS measurement does not require specialized professionals, it is quick and easy to use and therefore an attractive procedure for undernutrition screening in clinical daily practice. For these reasons, the present study is innovative and clinically relevant. HGS cutoff values for undernutrition screening at hospital admission for men aged 18-91 years and for women aged 18-64 years were defined. Despite being promising, these HGS cutoff values should be tested in other samples and validated in future studies.
